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Supersymmetry

Searching for SUSY at
CDF

Chargino and Neutralino
Di/Trileptons
Adding more leptons...

Conclusions
Outlook
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2 Supersymmetry: what ?

Extends the Standard Model (SM) by predicting a new symmetry:
spin-1/2 matter particles (fermions) <=> spin-1 force carriers (bosons)

Standard Model Particles

Higgs

! i ! I Graviton

Quarks - Leptons o Force particles
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Extends the Standard Model (SM) by predicting a new'Symmetry:
spin-1/2 matter particles (fermions) <=> spin-1 force carriers (bosons)

Standard Model Particles Susy Particles
~~
ﬁ ¥
e /,
~ \
Higgs ’!J Higgsj:o
\_g./ 0,
o |
\ 4 neutralinos
Ve Vb Vo W& -~
e 6 ™ ':' ,XZ ic'harginos
G e u Tt '\WY G
Graviton - Gravitino
Quarks @ Leptons @ Force particles Squarks Sleptons = Susy

Force particles

New Quantum Number R-Parity = R, = (_1)B+L+2S {+1 (SM particles)
If R, conserved Lightest SParticle (LSP) stable! -1 (Susy particles)
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4 Supersymmetry: why?

(1LY 4 Limitations of Standard Model

v Stabilisation of Higgs mass at EW scale HH/ T H
¥ Couplings don’t unify at one scale =
v Dark Matter _ >LSP ff
* Dark Energy ./
. H et H
® Neutrino masses
¥ Gravity With SUSY
60
75% EngRoy 401
3 2
- —_
a0 ORI 207 3
0
,02 405 ‘01{} .015 1020

Q [GeV]
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5 Supersymmetry: The Challenge

VERY SMALL cross sections !!

1 L

o(pb)
10
; T. Plehn, PROSPINO
1]
1 100
101"»367:;“‘"ﬂ"':,'f"""""'::';"" events
F X2 XE 4t t q¢g in 1 fb-
10-2 - \\ . 10157 SUSY and Background Cross-Sections (fb)
; ﬂ_ 1012 Jets
g f o
10 = BN I T I | B0 N . Y P 1u‘°§
100 150 200 250 300 350 400 450 500 ‘“
mass(GeV/c?) . Wz
Compared to: To
7.5x106Zs, 7,000 t-antitop 104 == Diposons  /6)
and 5,000 WZ 0 = % v

12th May 2006



6 Supersymmetry: how?

Wide range of signatures: look for SuSy specific signatures or

excess in SM ones; examples:

R, :
" LSP wLarge Missing Energy ﬁlT

N
% %+ pIsolated leptons

qg =Multijets

jet jet
YR

jet jet

..and many morel!
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mSugra: a working model

SUSY broken through gravity

Five parameters:

m,:common scalar mass at
GUT scale

m, ,,:common gaugino mass at
GUT scale

(i.e. M, (GUT)=M,(GUT)=M,(GUT)=M,,)
A,: common trilinear scalar
interaction at the GUT scale
(Higgs-sfermiong-sfermion, )
tanp: ratio of Higgs vacuum
expectation values

Sign(u), the higgsino mass
parameter :
(u* determined by EWSB) e | '

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Lightest supersymmetric t log,,(Q) (GeV)

700 prrrryTTITTT
sooé
500
4oo§
3oo§

200

100 |

Running masses (GeV/c?)

particle(LSP) is the x°,, stable

Tevatron
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*LSP > M_/2
» Chargino > 103 GeV/c? (heavy sneutrinos);
o Sleptons > 90-100 GeV/c? for M(y,')<M(%z);

LA L DL BRI B ]

) 1 t =2 =-200 GeV 7]

Vs=183-208 GeV  ADLO | fane=2w ° ]

NEIOO . 1041 ADLO Vs > 206.5 GeV 7
> RY“R ]

(]

<) o ; / A

< R'R - —

<80 ’_ 103 - )

S 1

8 i

60 ~102 =

+ T -

107 1

— Observed 1017 B

- Expected 1

20 1 ]

Excluded at 95% CL 1007 ]

(u=-200 GeV/c?, tanB=1.5) ] 1

Excluded at 95 L.
O 50 60 70 8 9 _ 100, I ot b
MIR(GeV/ c) 200 400 _ 600 800 1000
Mv (GeV)
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Searching for Chargino and
Neutralino at




N e

Chargino-Neutralino production :
Striking signature

If R, conserved, -\
LARGE MISSING TRANSVERSE ENERGY X1 ﬁ
from the stable LSP+v p—> cte«——Dp

Low background
Easy to trigger }

LITTLE MODEL DEPENDENCE
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Chargino-Neutralino production...

Low cross section
(weakly produced)

t-channel 1 X2
interferes
destructively _ .

q' X1

=
2

12th May 2006

o(pb)
10

T. Plehn, PROSPINO

1 \,
10+ o
102 NN\
104 ft  xa 0 |
100 150 200 250 300 350 400 450 500
mass(GeV/c?)
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~ Leptons of 374 generation

0
g‘ ~ /7 X are preferred
U Xl_ 'O. f A \
Q ‘e, v 0.5 .
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o W J— IIII
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- 8 0 X 7 ‘e, 200 Third lepton E
pus | D XZ .’0. -~ .’0 f ;
% Z*'. ! / T 150 M,,=180, M¢=100, ]
: ~ tanp=5, A;=0,u>0 -
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13 Finding SUSY at CDF

CENTRAL REGION
n=0

Muon system

- A \\“/ \\\\-a !‘

Em T
Calorimeter

Had Calorimeter
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The Missing Energy (MET)

Missing Transverse Energy
(MET)

Real MET
v Particles escaping detection
Fake MET
v"Muon p; or jet E; mismeasurement
v Instrumental effects
v'Cosmic ray muons
v'Mismeasurement of the vertex

12th May 2006

CDF Run2 Preliminary, ILdt =708 pb™ —

10° )
M., - 91| <15 GeV/c Processes
|ne| < 11 ® Data
10° B z-ee

Z>1t
B ww.wziy' zz
tt

10

Number of Events / 2 GeV

|IIII|IIII|II l lll | IIII|IIII

20 30 40 50 60 70 80 90 100
Missing Transverse Energy (GeV)
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Trileptons Analyses
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Many thanks to the accelerator division !!
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Leptons to discover SUSY:

The SM Calibration Samples

J/y Mass Silicon Selection I
x10° CDF Preliminary szzso pb™

Di-Electron Invariant Mass Spectrum

o 30005_CDF Run Il Preliminary . Dela - 120[ A .
> | 64374 Events = - - N, ~2x10
© 7000 1 — Drell-Yan MC a - «* o=~14 MeV
- - Ldt=1.0fb w 100} .
— | D L -
£ 6000 = - L.
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Loose ID Cuts

t
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- — LS dileptons

— Trileptons

100 10 120 130 140 150 160

No third lepton

=> Higher acceptance

Use e/mu only
=>Very small
backgrounds

Y

CHANNEL LUM TRIGGER PATH
ee*,e*u*, p*pu* 710 High p; Single Lepton —| quirement
uwl+ eln 750 High p; Single Lepton
ee + elu 350 High p; Single Lepton
uu + elu 310 Low p; Dilepton
ee + track 610 Low p; Dilepton —p

12th May 2006

Sensitive to taus as 3™ lepton
=> Keeps acceptance at high

tanp

Giulia Manca, University of Liverpool




¢ Sensitive to both chargino-
neutralino and squark-gluino
production

¢ Ask for 2 high-pt (20,10)
isolated leptons of the same
charge

¢ Main background :

conversions!

Subleading lepton Pt (GeV/c)

12th May 2006

p;>20 GeVic

CDF Run Il Preliminary

5 mSUGRA .
M,=100, M, =180, tanp=5,.>0 _ ' eTh

> T _.:":_ . —100

"""""""""'3.160
r

140

T, = 120

== 80

60

Io

30 40 50 60 70 80 90 100
Leading lepton Pt (GeV/c)
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 DRELL YAN PRODUCTION +
additional lepton
> Leptons have mainly high p;

> Small MET

> Low jet activity

12th May 2006

» Leptons mainly have low p; W

» Leptons are not isolated

> MET due to neutrinos

* DIBOSON (WZ,2Z) PRODUCTION
> Leptons have high p;

> Leptons are isolated and separated

> MET due to neutrinos

irreducible background

Giulia Manca, University of Liverpool



4|||||||||||||||||||||||||||||| - E'ectronFakerateperJet

. 0.5x10°
Inclusive Jet Sample ok *Et>20
—_ - EE .

3 L= 380 pb-! m3 Et>50
~ S Et>70
Q -~ 0.35F- *Et>100
S bl 0.3f { _l-_ o
Q2 i " " = 4 O °
5 et * . 0.1<|Y|<0.7 0-25? [ T ‘ t _l_
m!— . . 0.2 ;— S T | 1;‘ '::’ ................... T o o :i: —T'
e ] ' 045 & " P e ~10-4
5 Inclusive Jet . o1 e eSS + e FARE i
= Triggers: . oosE. 00l o3 R i o 5 8 -
o *Et>20 : ok T ,,Hl..ux. PR I .

Et>50 3 0 5 10 15 20 25 30 35 40 45 50
*Et>70 ! E;(GeV)
*Et>100

lllllllllllllllll

100 200 300 400 500 600
Cal
P;* (Gev)

Inclusive Jet Sample with different trigger thresholds

used to extract Fake rates and test Jet Energy Scale
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22 Analysis Strategy

COUNTING EXPERIMENT

Optimise selection criteria for best
signal/background value;

Define the signal region and keep it
blind

Test agreement observed vs. expected number
of events in orthogonal regions (“control regions”)

Look in the signal region and count number of
SUSY events !!

(Or set limit on the model)

12th May 2006 Giulia Manca, University of Liverpool



23 The Basic Selection

® Two leptons preselection

= 1st|epton: 20(15,5), 2" 10(8,5) GeV/c
® Invariant Mass

= reject resonances

AD(£LL)
= reject Drell-Yan
Low jet activity

= reject ttbar,W+jets,Z+jets

High Missing Transverse Energy
= further Drell-Yan rejection

Minimal number of cuts to keep analysis simple while
rejecting the most overwhelming backgrounds

12th May 2006 Giulia Manca, University of Liverpool



Selection criteria: (I) Mass

Rejection of J/W,Y and Z

Dielectron events CDF Run Il Preliminary

5 .F - M,=100, M, ,=T80, tan=5, ;>0
3" ?{ Ldt=3460pb" - M2 ﬁé’jg";}o,:f Gevie Asking for the third
S10°L N Wi epv lepton...
P et RS iz 0
g [t +
G0 g L ~ _Search for xyxeuure/n
E }ﬁﬁﬁ ﬁw TH‘W'T ﬂ» T § 10 | CDF RUN Il Preliminary o DATA i
! = S THP T 0 8 I Ldt=745 pb™ [] Drell Yan+y
LE ! -|.I ||'" 0 [ ] Drell Yan+jets
.| e, e
- © i m Yyeved
10" =3 o 1 At ¥* mass: 113 GeV/c21 ® 3
= | 5
I20I I I4.0I I ISOI I I80I I I1()()I I I12() 140 l16()l l 180 2 g
DiElectron Mass(GeV/c?) =
% 107
O £
@
> M,<76 GeV & M,>106 GeV £
-
=
> M,> 15 (20,25) GeV 107
0O 20 40 60 80 100 120 140 160 180 200
> min M, < 60 GeV (dielectron+track analysis) DiMuon Mass(GeV/c?)
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(II) A®( 4,/ ) and Jet Veto

Rejection of DY and high jet
multiplicity processes

Search for X2X1 — ee+l+X

CDF Run Il Preliminary

':l: C I'ET)ISL[J] ra pomt M,=100, M, ,=180, tanp=5, x>0 |
> 102 [+ W//—> e{\, M(z;) = 113 GeVIc’,M(;J) = 66 GeV/o®
o'V E [ o
= E 4+ -1
T C e | R || L sss0 pel
€10 = ++‘r+ t 4 ++
B
1 = b 44 4
El# rf L '" iy
C &y I.I"l. -
104 ;"lﬂlnrrlLl:[Ifl"'-'":LT o
10” ;—
:IIIIIIIIIIIIIlIIIIlIIIllIIIIllIIll
-150  -100 -50 0 50 100 150
AD(e,e) (°)
Analvsis Kinematic | Kinemati
y Variable c Cut
Trilepton | JetE;>20 [ n.Jets<
analyses GeV 2
Dielectron
H.= H; <80
+ track > jetEr, GeV
analysis !

12th May 2006

Search for 10 — ee+l+X

Drell-Yan

S W/y->eyv
........ : T _ "ttbar

"Dibosons

Fakes

- SUsY

* DATA

CDF Run Il Preliminary

R —

J.L dt = 346.0 pb”’

-
o

-

Number of events

—y
ov

2l 6 7 8

Number of Jets Et>20 GeV

i CDF Run Il Preliminary, | Ldt = 607 pb'1

10

o
3 e+e+track selection
g Processes
[ Drell Yan
..9 B wwwziy',zz
g tt
> S
— — SUSY :ydx;
(e}
|
o
£
>
Z
> 20 40 60 80 100 120 140 160 180 200

Sum Et of Jets (GeV)
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(IIT) MET selection

Further reducing DY by asking MET > 15 GeV

Search for ;5> p e + ple

LIS N I L L L

% 70t CDF Run Il Preliminary (0.7 fb™) .
o i — Data
(Te) [
60 L Drell-Yan
@ | . W
b I B tt ] Search for y:7%— e + ule
= 142
O 50_ _____ > W-f-y,WZ/y‘_ > AL LA L B L B B B L BLEL B L BB L B
d>.> - ! I W+Jets 1 () I CDF Run Il Preliminary 0.7 fb™
[ ] (O] . e
= B ! ] illbans
40 [ | 2 1 Drell-Yan+y
' : . 0 : [ IW(Zi").2z
30F I 1 € ] [ [ :
[ 1 ] ] Drell-Yan+jets -
20 I : ] q>3 [ — mSugra: 3,15 -
i : ++ ] Z 10" 3
[ | ] :
10F | _
[ | ]

0 e oy
0 10 20 30 40 50 60 70 80 90 100 :

Missing transverse E (GeV)

..Still BLIND ! 103 L T P
0O 10 20 30 40 50 60 70 80
Missing transverse E; of trilepton events (GeV)
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Understanding of the Data:

The Control Reg

Control regions defined as a function of M(¢£) and MET:

-

L

=1 Each CONTROL REGION is
investigated:
SIGNAL fj v with different jet multiplicity
REGION ° check NLO processes

v with 2 leptons requirement
gain in statistics

v with 3 leptons requirement
signal like topology

Invariant Mass

12th May 2006 Giulia Manca, University of Liverpool



24 Control Regions for Trilepton Analyses

Testing Control Regions with two leptons

CDF Run Il prelimil

Drell-Yan
"Wz
"zz
"ttbar
.4 Fakes

ULRLLL BRI L AL B B L

-SUSY

-

: SIGNAL

. REGION

entonsl

MET (GeV)

12th May 2006

n. dimuon events / 4 GeV/c

\\\\\\\\\\\\

mmmmmmmm
mmmmmmmm

10° |

10?

10

10™

10

« DATA
[ Drell Yan
[ Diboson E

B it
JLdt=745 pb”!

CDF RUN Il Preliminary

0 20 40 60 80 100 120 140 160 180 200
Dimuon P,(GeV/c)

N
L
°
(O] CDF Run Il Preliminary,| " Drell-Yan
N . L=607 pb" 1 "Dibosons
B0 "7z
<= E
S . "bbbar
3"E - SUSY
5 ° DATA

<ol

" § +

10" L

10° ;—

20 40 60 80 100 120 140 _160
Dielectron Invariant Mass(GeV/c?)

180 200

LS-dilepton
analysis has
additional Control
Regions to test
conversion
removal

.ia Manca, University of Liverpool



Events/5 GeV/c

2] LS-Dileptons Control Regions

ee-like sign CDF Run Il Preliminary

CDF Run Il Preliminary

O
[ ] 2 14f
Tar ) 8 L=704 pb"
; _ Very good 12}
12f ] agreement 1}
between SM oal

prediction ool uu-like sign
_ Il and observed
061 ] data ' '

» - EWK low DY Zmass
0.4 A\ 7

, . _

Conversions EWK low DY Zmass

CDF Run Il Preliminary

(3} T l""l"'.'l""l""l"
CDF Run Il Preliminary > L. L=704pb mQco J
i * Data S.), 10 . I Diboson
L ] B £ W .
50/ v g2 | =ﬁ"’ Signal-
L 7 [ o
— A > L Drell-Yan like but
40_:~> L=704 pb Drell-Yan: w 10 § T + :
i opposite
30 = .
: , , l I sign
ol ‘l’ Conversion- like 1 T
: control-region
o 4+
:—-++'++‘ =3, LS 20 30 40 50 60 70 80 90 100 110
20 30 40 50 60 70 80 90 100 110 120

Leading lepton P__(GeVic) Missing transverse momentum (GeV'/c) Liverpool



30 Systematic uncertainty

Major systematic uncertainties affecting the
measured number of events

ee+lepton (high-pt) WEt ]

JES -1

8°°§‘ = Z->ee MC
T
: /

> Signal
= Lepton ID 5%

= Muon p; resolution 7%

JES +1o

Number of events
N
o
(=]
I

» Background

= Fake lepton estimate method 5% 2°°§ ':

0 10 20 30 40 50 60
Missing Et (GeV)

= Jet Energy Scale 22%

» Common to both signal and background
= Luminosity 6%

» Theoretical Cross Section 6.5-7%

" PDFs 7%
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Let’s look at the signal region !



Look at the “SIGNAL” region

LS dileptons

~

Low-Pt
trileptons )

High-Pt )
trileptons

12th May 2006

L Total Example Obs-
Analysis Lumlggslty predicted SUSY erved
(pb™) background Signal data
ee*,e*u*, utu* 710 6.80+1.00 3.18+0.33
+e/
e 310 0.13:0.03 | 0.17:0.04
(low-py) o
ee+track 610 0.48+0.07 0.90+0.09 ¢
ee +elu 350 0.17+0.05 0.49:0.06
uu +elu 750 0.64+:0.18 1.61+0.22
ue +ely 750 0.78:0.15 | 1.01+0.07

Giulia Manca, University of Liverpool




Look at the “SIGNAL” region

Lumin Total Example | Obs- NQ a1y o "Wz
Analysis osity predicted SuUsYy erved % [ 77
(pb?') | background | Signal data O "DY+gamma
. . . .. O ' L Fakes
e“es,e"u’, upu” 710 6.80+1.00 3.18+0.33 9 @ - _SUSY
+e/ c - ®* DATA
MR eI 310 0.13+0.03 0.17+0.04 @__2_> - T
(low-py) > L
ee+track 610 0.48+0.07 0.90+0.09 1 Z =
ee +elu 350 0.17+0.05 0.49+0.06 S 0 ) f
up +elu 750 0.64:0.18 | 1.61:0.22 1_ -
ue +elu 750 0.78+0.15 1.01<0.07 ( 0 2 0 20 40 60 100 120 140
Dimuon mass (GeV/c”2) [SIG A. trilentons]
Search for y3y; — ee+l+X CDF Run Il Preliminary Search for yiy3—> ue + ple
s = 1 M,=100, M, ,=180, tanf=5, 1>0, A;=0 > — T T T T
3 - | J' L dt = 346 pb-1 M(x;) = 113 GeVIc“M()) = 66 GeVic’ 8 ! CDF Run Il Preliminary 680 pb™
g B : mSugra point o 1 —e— Data
B 1 ey Drell-Yan - 1 | E\I/D\Ir(ezlllY'«’;\r;;f .
EE - » co
S FE @ === M WWWZiy 2 2 2 ¢ ---> . ]
B - f- > Fake LepgonsY ! S 1 ] Drgll—Yapfiegs 1
_ I o Data d>) » — mSugra: 113
10" |1 = 10 3
= 1 ]
C 1
’ 1072 | .
= |_|_ ! f
E 1 ]
I
I
3 N 103 o : : ' . . .
105, 20 40 60 80 100 . 0O 10 20 30 40 50 60 70 80 90

Missing E; (GeV)

Missing transverse E; of trilepton events (GeV)
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Look at the “SIGNAL” region

Lumin Total Example | Obs-
Analysis osity predicted SUSY erved
(pb") | background Signal data
e*e*,e*u*, W u* 710 6.80+1.00 3.18+0.33 <il\
+e/
Hp el 310 | 0.13:0.03 |0.17:0.04| o
(low-p;)
ee+track 610 0.48+0.07 0.90+0.09 ‘ 1 ’
ee + elu 350 | 0.17:0.05 | 0.49:0.06 /" 0
uw +elp 750 | 0.64:0.18 | 1.61:0.22 | (1 )
ue +elu 750 0.78+0.15 1.01:0.07 0
> ~ CDF Run Il Preliminary,Jldt =607 pb'1
[}
8 1= 1 e+e+track selection
n F Processes
'E B « Data
Q B B Drell Yan
5 B Wz 2z
Y ‘01 | tt .
S = — sUSY : 4022
Q -
Q0 L
E L
S
<0
. ,. | {1 P (I
0 50 100 150 200 250 300

Missing E; (GeV)

Events/9 GeV/c

CDF Run Il Prelimina

20

Number of trilepton events / 2 GeV

102

——

i

10"

LU B S B B S S B B B B B B e

M,=100

j L dt=0.70 fb"

30 40 50 60 70 80 90 100 110

L B
, M, =180, tanp=5, 1>0

1/2
® Data

B acp
- Diboson ]
B wy

DY ]
— mSUGRA point |

Leading lepton P (GeV/c)
__Search for yjy;—opptelp

I Ldt=745 pb™'
CDF RUN Il Preliminary (] Drell Yan+y

o DATA

[:] Drell Yan+jets |
[ Diboson 1
[ ] mSUGRA: 1S

¥ mass: 113 GeV/c?

0O 10 20 30 40 50 60 70 80
Missing Tranverse Energy (GeV)



35

Trimuon Event
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Highestlepton-pt event

In the ee like-sign analysis, we observe one interesting event

12th v ‘pool



No SUSY :(

Combined all analyses to
obtain a limit on the mass
of the chargino in mSugra-

like scenario

swith no slepton mixing
»slepton masses ~ neutralino
masses

e Observed limit:

M(x*,) ~ 127 GeVIc?
oxBR ~ 0.25 pb

*Sensitive up to masses
M(x=,) ~ 140 GeV/c?

oxBR ~ 0.2 pb

DO limit in similar scenario:
M(x*,) > 116 GeV/c?

CDF Run 11 Preliminary: L=310-750 pb

2 ot MSSM: tanf=3, p>0, M({D-M()~2M ()
= 2k M(e)=M(l)=M(7)
g2 [ X — Ono*BR
Q =] >
2 = Gy oXBR Uncertainty
f ) — 95% CL Upper Limit: observed
M = _
&z ol 0 95% CL Upper Limit: expected
~ = [ ] Expected Limit+ 1o
fi= <
X pd
=
© 1
0.6
0-4 I.
0.2
O-I I | I | TR T
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120 130 140 150
- , 2
Chargino Mass (GeV/c")

100 110

Beyond LEP and Tevatron Run |!

Giulia Manca, University of Liverpool



Looking at different models...

But : the limit we can set CDF Run 11 Preliminary: L=310-750 pb"

| —~ 25
depends on the model ! 2 F mSUGRA: tanB=3, p>0, A,=0, mz=60 GeV
= 2.25 ”&
In “standard” mSugra g — GNLOXEE T
Sensitive to chargino 8 2f - OnLo™ ncertainty
masses of ~ 116 GeV/c? -~ F o] — 95% CL Upper Limit: observed
&z Lisp o e 95% CL Upper Limit: expected
R [ = [ 1 Expected Limit £ 1G
4= LS|E 32 |
30 =
T=
B L5k

0.75 [+

Not able to exclude 05f

this particular region 0.5}
of parameter space
with these results ...

1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1
110 120 130 140 150

Chargino Mass (GeV/cz)
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The differences 1n the models

mSUGRA: tan=3, p>0, A =0, m;=60 GeV

— mSUGRA: tanf=3, p>0, A;=0, m;=60 GeV
‘¢ ~ Ir
= @ e
3 150 - 09F
2 i M(zw S BR(ZS %1 — eM.T)
ﬁ e M(e,) osr ~0 o+
= 140 _ M(%R) E — BR( X1 — e
L 0.7
: In Standard
130 06F
: mSugra the
120 - b
: BR into taus
110 [ ’o* g
L 3F .
: : is enhanced
100 02k
- o I o1l
\';'. | A PR EPRPERN BTN BRI BT R F
Neo 170 10 190 200 210 220 230 ofbl. i1, A I
M. . (GeV/c) 100 110 120 130 140 150
IVIDDIVE TANP=3, WU, VI 2 )~IVIUY )~ ZIVICE )5 l\l{el:lf\r‘;lLlI:l\lt‘U
».\; 60 " m{s_sm; tanf=3, 10, M(YD~M(y 1)~ 2M(3 s M(e)=M()=M(t) Sma"er
3 L m
150 |- - :
S MG . acceptance
é » _ _____ M(ER) 0 _ ----- BR()EJ ;EE —e,N,T)
= Wor M(z,) i — BROO AT — e
0.7
130 Fooee™
06"
120 F osf
r e ’0.45—
ol S e :
e 03[
‘00:‘_. e 02f
::..I.. | Ll | P PRI PRI B 0.1:—
Mo 170 180 190 200 210 220 230 E
M,, (GeV/ch) Y T R P R B
2 100 110 120 130 140 150
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From trileptons to multileptons...




R-Parity Violating SuperSymmetry

M+

If R-Parity violated sparticles : )"@

Do not need to be pair-produced 1 \/_ Ver——2—3

Can decay into SM particles ):( (Ve Vi

121N\ - e)
Extra terms in the Super-Potential of the type : € J\u
L / n "
Wrpy = )"ijkLiL by + A LiO Dy + )”iij iD Dy

l

violates Lepton violates Baryon
number conservtion number conservation

7\,7\’,7\”2 couplings of the RPV vertex;
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42 R Parity Violaton

RPV can be tested in Production and/Decay|of SUSY
particles

RPV decay of LSP(x)

At least four leptons in final state !

- 7\.121 - >(eeee,eeen,eeny) +vv

Y } Only one A, # 0: at the time
122 - >(uuup, pupe, puee) +vv

LSP assumed to decay within the detector ( |d0|<0.02 cm)
12th May 2006 Giulia Manca, University of Liverpool



- I

Similar : .
backgrounds to Luminosity = 346 pb-’
trileptons analyses
Challenge:
conversions I DY
[:] Fake leptons
[ ] t-thar
10° - [ ] Diboson
E AWy
10° & —— RpV SUSY
Sensitive to all new 5
physics with >4 10=
leptons in the final -
state!! E _
1=
- |
- | | | |
2 3 4 5

# Reconstructed Leptons

12th May 2006 Giulia Manca, University of Liverpool



Control Regions

Chosen changing the requirements on the lepton

selection criteria, delta-phi,

Dielectron events

No | T l T T T I T T T I T T T I T T T
— 104 | — Data

> =

o F ED | |
(O] - [[] Mis-ID Jets I I
e = [ ] Diboson

g - mw

it

c =

o S

>

(] =

I T T
CDF Run Il Preliminary, 346 pb'1

| IIIIIII| | IIIIIII| | IIIII[I| |

12th May 2006

invariant mass

Trilepton events

No 12 IIIII I LI I T TT ] T T TT l T TT I T T T l LI | LI l T | T T
- e - - =
S 0 CDF Run Il Preliminary, 346 pb —e— Data -
8 10F B0 ]
L ] Mis-ID Jets -
8 L —— I t-tbar .
n 8 L [_] Diboson ]
T C — RV SUSY (k) ]
o [ M .= 99.4 GeVic? ]
> 6— ' —
wr §
4 ]
2 _|
N — §

9!0 50 60 70 80 90 100 110 120 130

Invariant Mass of 1st & 2nd Leptons (GeVIcz)

Giulia Manca, University of Liverpool



Control Region Overview

26 total control regions

By lepton type
Inside & outside Z
10° window

Number of leptons
Fail A¢ cut

MC Prediction
T TTTTI

Plot shows relative
agreement of all
control regions.

Error bars =+10

M Line = perfect

10° 10 agreement
Observed Events in Data

10
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Signal Regions

Trilepton Signal Regions

Dataset ee(w+e/n | uu(e)re/u > 4 Signal Region

Aq21) (A122) Dataset Signal
Zlyx +y 21+0.8 1.2+1.0 Zly+ vy 0.001 + 0.001
W Z/y+ 0.2%+0.1 0.1+0.1 Zly+ + ZIy+ 0.004 £ 0.002
Fakes 0.6%0.3 0.3+0.2 Fakes 0.004 £ 0.003
Total Background 29*0.8 1.8%1.0 Total Background | 0.008 * 0.004
RpV SUSY (\q54) 3.8x04 | - RpV SUSY (Mq24) 1.5%0.2
RpV SUSY (hyp) | - 4.0%+0.4 RpV SUSY (A4,,) 1.5+0.3
Data 77| |Data %%

Signal regions are consistent with
background and no signal

12th May 2006 Giulia Manca, University of Liverpool



30 GeV
50 GeV
13 GeV
16 GeV
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48

CDF Run Il Preliminary, 346 pb'1
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CDF Run Il Preliminary, 346 pb'1

Npp>0 7T

III|

M, = 250 GeV/c?, tanp = 5,1 > 0
Gsusy

------ 95% CL expected limit
—— 95% CL observed limit

lllll

CDF Run Il Limit

= \
5‘2\1 ross section (pb)

+)>199 GeV

1

7, mass > 198.7 GeV/c’

1 e T T N —
- LEP Limitlv ]
L1 1 | 1 1 | | | 11 L1 1 L1 1 ¥ | | | L1 I' | - | 1
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~t 2
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_— _I 1 | 1 1 1 I T T T I T
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c f Osusy
2 T —— 95% CL observed limit
§ i ------ 95% CL expected limit
1)
0
o CDF Run Il Limit
Q

T lIIIII|

..
W

DO Limits :

ANy0o >0 1 m(x*) >229 GeV/c?

ANyoq >0 1 m(x*) >231 GeV/c?
12th May 2006

A2 A21 | m(y*,) >172.6 GeV/c?

LEP Limitl
11 | 11| | L1 | I 11| I I I I | !I ¥ | 1 | | 1
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Summary and Outlook:

Chargino and Neutralino in mSugra

Multileptons signatures:
® CDF analysed first bunch of data and observed no excess
® Set limit already beyond LEP results ! (although model dependent)

® 1.5 fb"1 of data collected and ready to be analysed
® With 4-8 fb' by the end of Runll we should be sensitive to Chargino

masses up to and 0XBR ~0.05-0.01 pb !

1 Ellis, Heinemeyer, Olive, Weiglein,

LN B B RN B B B N B l‘::_ =|:'.. T T [ T T 1
Favoured ~ [hep-ph\0411216 - =%
- Ve i
by EW al- :_' _
precision i 3
data 5 e < 7]
3T ~
=] o -
= e
"=, B CMSSM, p >0, m = 1727 ]
_ 5 K o tanp=10,A,=0
i " + tanp=10,A,=+m,,
2 ‘. o tanp =10 A,=-m,, _
- % © tanp =10, A, =+2m,,
- ’ / /
B tanp =10,A,=-2m, ;
O 1 l 1 1 1 l 1 1 1 l il 1 1 l 1 'l 1 H /
0 200 400 800 800 1000 :
L] | |

Mo, Mz [GeV] | L\
One eu like sign event...
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